Direct analysis of trace levels of metal ions in environmental and biological samples is rather difficult using conventional analytical techniques such as flame atomic absorption spectrometry (FAAS) because of very low concentrations of these metal ions and matrix interferences [1, 2] . However, this technique also presents desirable characteristics such as operational facilities, good selectivity, and low cost. In spite of high sensitivities obtained by ICP-OES and ICP-MS, these techniques are relatively expensive and present limitations related to the concomitants such as high dissolved solid contents of samples [3, 4] . Therefore, sample preconcentration is becoming an essential treatment step before flame atomic absorption determination [5, 6] .
Introduction
Direct analysis of trace levels of metal ions in environmental and biological samples is rather difficult using conventional analytical techniques such as flame atomic absorption spectrometry (FAAS) because of very low concentrations of these metal ions and matrix interferences [1, 2] . However, this technique also presents desirable characteristics such as operational facilities, good selectivity, and low cost. In spite of high sensitivities obtained by ICP-OES and ICP-MS, these techniques are relatively expensive and present limitations related to the concomitants such as high dissolved solid contents of samples [3, 4] . Therefore, sample preconcentration is becoming an essential treatment step before flame atomic absorption determination [5, 6] .
The widely used analytical techniques for the separation and preconcentration of metal ions include solid-phase extraction [7] [8] [9] [10] [11] [12] , liquid-liquid extraction [13, 14] , coprecipitation [15] , ion-exchange [16, 17] , and chelating resins [18] . Solid-phase extraction of heavy metal ions for prePol. J. Environ. Stud. Vol. 24, No. 5 (2015) , [1903] [1904] [1905] [1906] [1907] [1908] [1909] [1910] Original Research
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Ions by a Thermophilic Haloalkalitolerant Bacterial Strain (KG9) Immobilized on Amberlite XAD-4 concentration is commonly preferred to in other techniques due to high sensitivity and easy methodology. Various adsorbents including some inorganic, organic, and biological adsorbents have been used for the preconcentration traces of heavy metal ions. The use of biological materials for effective removal and preconcentration of heavy metals from contaminated waters has emerged as a potential alternative method to conventional treatment techniques. Of all the preconcentration methods, biosorption by microorganisms immobilized on solid support seems to be the most effective preconcentration methods [5, [19] [20] [21] [22] [23] .
Biosorption is a term that usually describes the removal of heavy metals from an aqueous solution through their passive binding to a biomass [24] [25] [26] . Bacteria [5, 26, 27] , yeast [24] , algae [28] , and fungi [29] are biological microorganisms that have been immobilized and employed as sorbents in the biosorption process. It is well known that the cell wall constituents of microorganisms play an important role in metal sequestering. The cell walls of microbial biomass contain proteins, polysaccharides, cellulose, glucan, lipids, and chitin. These characteristics turn the biosorption into an ideal process to be introduced in solid phase extraction systems for analytical approaches [19, 24, 30] .
Natural and synthetic sorbents such as sepiolite [31] , silica gel [32] , chitosan [33] , alginate [34] , cellulose [35, 36] , and Amberlite XAD resins have been mostly used as support material for the immobilization of microbial cells. Particularly Amberlite XAD resins are widely used for preconcentration procedures because of their good physical and chemical properties, such as porosity, high surface area, durability, and purity [5, 37] .
Several studies have looked at the difficulty of determining heavy metals such as cadmium, nickel, and copper using only FAAS, which suggests the use of microorganisms immobilized on synthetic resins such as XAD-4 for preconcentration and determination of heavy metals in various samples [2, 5, 25, 29] . The present work proposes the use of a thermophilic haloalkalitolerant bacterial strain (KG9) immobilized on Amberlite XAD-4 as a new biosorbent for the determination of Cd, Ni, and Cu by FAAS in real samples such as the Tigris River and drinking water, as well as in wild edible mushrooms.
Experimental
Instrumentation
A Unicam AA-929 flame atomic absorption spectrometer with hollow cathode lamb and air/acetylene mixture was used for the determination of trace metals. The instrumental parameters were those recommended by the manufacturer. The wavelengths (nm) selected for the determination of the analytes were: Cd 228.8, Cu 324.7, and Ni 232.0. A MettlerToledo MPC 227 model digital pH meter was used to adjust the pH of the solutions. Filtration columns (1.0 cm×10.0 cm) equipped with polypropylene frites were used for solid-phase extraction (SPE). A Watson Marlow SCI-323 model peristaltic pump was used to enable the solutions to pass through the column. A speedwave MWS-3, Berghof microwave was used for sample digestion.
Reagents and Solutions
All aqueous solutions were prepared with double-distilled water. All the chemicals used were of analytical reagent grade. Metal working solutions at µg·l -1 level were prepared daily by diluting a corresponding 1000 µg·ml -1 solution (Merck). Hydrochloric and nitric acid solutions used as eluents were prepared by direct dilution with deionized water from the concentrated solutions (Merc).
Amberlite XAD-4 resin was used as a support material for the immobilization of the bacterial strain. Amberlite XAD-4 resin (with a surface area 725 m 
Microorganism and Growth Conditions
In this study, a thermophilic haloalkalitolerant bacterial strain (KG9) isolated from a hot spring in Batman, Turkey, was immobilized on Amberlite XAD-4 as a new biosorbent in metal determination. The KG9 strain was identified as a close member of Bacillus licheniformis following complete sequencing of 16S rRNA. PCR mediated amplification of the 16S rRNA and purification of the PCR products were performed at the DSMZ (Deutsche Sammlung von Mikroorganismen und Zellkulturen: German Collection of Microorganisms and Cell Cultures). The 16S rRNA resulting in a complete sequence of the KG9 strain was compared with representative sequences of organisms belonging to the Firmicutes group. The most important characteristics of this strain are both halotolerant (grown at up to 15% salt) and alkalitolerant (growth between pH 5-10.5) [5] .
Bacillus licheniformis KG9 was grown in 1000 ml Erlenmeyer flasks containing 200 ml of liquid medium (NB; nutrient broth). The flasks were inoculated with 8 ml of a cell suspension and stirred in a water bath at 120 rpm at 50ºC for 48 h. After the desired growth time, the cells were harvested by centrifuge at 10,000 rpm for 10 min.
Immobilitization of the Microorganism onto Amberlite XAD-4
The immobilization of KG9 strain on the substrate was performed as follows: 150 mg of dry and dead bacteria powder was mixed with 1 g of Amberlite XAD-4. The mixture was wetted with 2 mL of doubly distilled water and thoroughly mixed. The amount of bacteria taken up by the resin was determined by measuring the increase in the weight of the resin after mixing the paste, which was heated in an oven at about 105ºC for 1 h to dry the mixture. The wetting and drying steps were repeated to maximize the contact between KG9 strain and Amberlite XAD-4, thereby improving immobilitization efficiency. Then, the product obtained was ground to original size (20-60 mesh) and used as an adsorbent.
Preparation of the Column
Column procedures are usually less time-consuming and allow easier regeneration of the biosorbent. The KG9-immobilized resin (300 mg) was wetted with 5 mL of distilled water. The mixture was transferred to a 1.0 cm×10.0 cm polyethylene column. Before use, 0.5 mol·L -1 HCl solution and doubly distilled deionized water were passed through the column in order to condition and clean it. Then the column was conditioned to the studied pH by passing a buffer solution providing the same pH as that of the sample solution through the column, prior to passage of the sample solution. The experiments were conducted by pumping a metal solution in down-flow mode through the column with a peristaltic pump. The effluents were collected fractionally and analyzed using AAS.
General Procedure for Sorption Studies
The method was tested with model solution before its application to real samples. Metal solutions containing 10 µg of Cu(II), Cd(II), and Ni(II) in 100 mL was taken and the pH was adjusted to the optimal value with buffer solution. The minicolumn was preconditioned by passing buffer solution at the working pH. The resulting solution was passed through the column by a flow rate adjusted to the optimal value. After passing the solution completely, the column was rinsed twice with 10 mL of distilled water. The adsorbed metal on the biosorbent was eluted with by 0.5 mol·L -1 HCl solution. The metal concentrations in the eluent solution were determined by flame atomic absorption spectrometry.
KG9-immobilized resin was used repeatedly after washing with 0.5 mol·L -1 HCl solution and then doubly distilled water.
Preparation of Samples
The proposed method was applied to solid/liquid samples. The water samples were collected from the Tigris River and drinking water from the city of Diyarbakır. The polyethylene bottles (2L) used for sampling river water and drinking water were successively precleaned with detergent, doubledeionized distilled water, dilute HNO 3 , and double-deionized distilled water. High-purity HNO 3 (10 mL) was added to keep the final acidity of the water at about pH 2 after sampling, in order to prevent adsorption of the metal ions on the bottle walls. The samples, including NRCC-SLRS-4 riverine water, were filtered through a Milipore cellulose membrane with pore size 0.45 µm immediately after sampling and stored at 4ºC. Mushroom sample (L.deliciosus -a wild edible mushroom species in southwest Anatolia, Turkey) was dried at 80ºC for 24 h and then ground in an agat mortar.
Mushrooms and certified reference materials (SRM 1570a spinach leaves) were digested in a temperature-and pressure-controlled analytical microwave oven. For their decomposition, about 0.5 g of material was treated with 5.0 mL 1:1 (v/v) nitric acid solution and kept overnight in a Teflon vessel. Afterward the Teflon vessel was closed and put into a pressurized digestion system. Thermal heating was carried out at 150ºC for 8 h. After cooling at room temperature these solutions were adjusted to pH with a 10% (w/v) sodium hydroxide solution and appropriate buffer solution. The final solution volume was completed at 50.0 mL, and the developed biosorption method was applied to the samples. The concentrations of analytes in the samples were determined by AAS.
Results and Discussion
The chemistry of the metal ions, the structure and constituents of the cell wall, and the external conditions are very important for the biosorption of metals by microorganisms. Therefore, when evaluating the analytical procedure the following parameters such as sample pH, sample volume, flow rates of sample and eluent, and the influence of other ions must be investigated and optimized initially.
The Effect of pH
The pH of the sample solution played an important role in the ability of the column containing the KG9 strain immobilized on Amberlite XAD-4 to preconcentrate the studied metal ions. Different microorganisms exhibit different biosorption characteristics at a given pH because of differences in the cell wall composition. The solution pH influences both the cell wall metal binding sites and aqueous metal chemistry. Due to this important point, the effect of pH was investigated at the pH ranges of 2.0-8.0 with model solution, keeping the other parameters constant and by applying a general preconcentration procedure. The metal ions were then eluted by an appropriate eluent and determined by AAS. The optimum pH range was 6.0-8.0 for Cd, 5.0-7.0 for Cu, and 6.0-8.0 for Ni.
The results given in Fig. 1 indicate that the cell surface becomes positively charged at low pH values, which decrease the interactions between metal ions and the functional groups on the cell wall, whereas the cell surface becomes negatively charged at high pH values, increasing the interactions until a maximum is reached at pH 6.0. It can also be seen that for pH values higher than the the optimum value of 6.0, the retention decreases again due to the competition between the hydroxylated complexes of the metal and active sites of the cell. For avoiding precipitation of metals, high pH values were not preferable and the optimum pH was chosen as pH 6.0 for all three metals.
Effect of Sample Solution Flow Rates
The retention of an element on an adsorbent also depends on the flow rate of the sample solution. Therefore, the effect of the flow rate of the sample solution on the recovery of the analytes was investigated under optimum ). For each metal ion, a set of solutions (50 mL) containing its 50 µg were adjusted to the optimum pH value. In the proposed system, the sample solution was passed through the column with the flow rates adjusted in a range of 1.0-6.0 mL·min -1
. As can be seen in Fig. 2 , at flow rates greater than 2 mL/min there was a decrease in the recovery of cadmium, copper, and nickel. The reason for this decrease is probably insufficient contact of the metal ions and the adsorbent to reach equilibrium. Therefore, all further studies were performed at 2 mL·min -1 flow rates for sample solutions.
The effect of the eluent flow rate in the step of desorption of the metals from minicolumn was also investigated.in the range of 1.0 to 6.0 mL·min 
Effect of Adsorbent Amount
The effect of the amount of KG9 strain immobilized on Amberlite XAD-4 resin on the sorption of metal ions at optimum pH was investigated in the range 100.0-500.0 mg. The results are shown in Fig. 3 . It was found that above 100.0 mg of adsorbent the recovery of cadmium, copper, and nickel was gradually increased. The highest recoveries were obtained when the resin amount was 300.0 mg. However, above 300.0 mg there was not any change in the recoveries of Cd +2 , Cu
+2
. Therefore, 300 mg adsorbent was used for cadmium, copper, and nickel.
Effect of Type and Volume of Elution Solutions
The other important factor that affects the preconcentration procedure is the type, volume, and concentration of the eluent used for the removel of metal ions from the solid XAD-4 loaded with bacterial strain KG9. The concentration of the acid used as an eluent must be the lowest possible level in order to prevent degradation of the biomass. The different concentrations of nitric acid and hydrochloric acid were tested to remove the bound metal ions from the bacterial biomass loaded on the column. As shown in Table 1 , 10.0 mL of 0.5 mol·L -1 HCl solution was found to be satisfactory (recovery>95%) for cadmium, copper, and nickel.
Effect of Sample Solution
The effect of sample volume on the elution of cadmium, copper, and nickel was studied by taking different volumes of the water samples in the range 100-1000 mL. It was found that both cadmium, copper, and nickel could be recovered quantitatively (>95%) up to 500 mL of the sample solution. At higher sample volumes, the recoveries decreased gradually with increasing volume of sample solution. Hence, 500 mL sample solution was chosen for the present study and the results are shown in Fig. 4 . 
Effect of Column Reuse
In order to examine the long-term stability of the biosorbent, the metal ions were sorbed and desorbed several times using a solution (50 mL) having a concentration of 5-50 µg·mL -1 under optimum experimental conditions. The column could be used with good precision and quantitative recovery (>95%) for 25 cycles. After 25 cycles, there was a reduction in the recovery of ions. Therefore, repeated use of the biosorbent is feasible.
Adsorption Capacites
The capacity of the adsorbent is an important factor because it determines how much adsorbent is required to quantitatively remove a specific amount of metal ions from the solutions. About 300 mg of the biosorbent was equilibrated with 100 mL of 50.0 mg·L -1 metal ion (Cd, Cu, Ni) at their optimum pH. After shaking for 4 h in separate flasks, the mixture was filtered by gravity. The loading capacity of the biosorbent for each metal ion was calculated from the difference between the metal ion concentrations before and after desorption. The capacity of biosorbent was found as 22.7 for Cd(II), 61.1 for Cu(II), and 33.4 µmol·g -1 for Ni(II).
Effect of Foreign Ions
The presence of other ions in solution is known to affect the biosorption of the derived metal, so it plays an important role in the selection of an appropriate biosorbent. The cations compete for available binding sites on the biosorbent, or they may enhance biosorption by taking part in the formation of coordination compounds or complexes for the adsorption of a particular metal. In the present study, the influences of some cation and anions on the recoveries of the metal ions by the bacterial strain KG9 loaded onto Amberlite XAD-4 in the column were investigated. The results are given in Table 2 . The recovery values for cadmium (25 µg·L ).
Detection Limits
The limits of detection (LOD) of the proposed preconcentration method for the determination of heavy metals were obtained by passing 50 mL of a blank solution from the column under the optimal experimental conditions by using a regression equation for each analyte. The detection limits (n=20, blank±3s, where s is the standart deviation of the blank), for Cd(II), Cu(II), and Ni(II) were found to be 0.42, 0.54, and 1.24 µg·L -1 , respectively. The preconcentration factors that were calculated from the ratio of highest sample volume obtained quantitative recoveries to 5 mL final volume. The preconcentration factor was found as 100 for each metal ion.
Applications
The method presented was checked for analyzing NRCC-SLRS-4 riverine water (50 mL) and SRM1570a spinach leaves certified reference materials for cadmium, copper, and nickel ions. The results are given in Table 3 . The certified and observed values for certified reference materials were in good agreement with the certified values of SRMs. The relative errors were at acceptable levels for quantitative trace analysis. These results also indicate that the developed method is not affected by potential interference from the major matrix elements of the analyzed reference materials.
In order to check the applicability of the proposed method, Tigris river and Diyarbakir drinking water samples, as well as mushrooms, were analyzed as real samples. Cadmium, copper, and nickel were determined in the samples after the separation and enrichment of metal ions by SPE. An appropriate volume of sample solutions was adjusted to the optimum pH and subjected to the recommended column procedure for the preconcentration and determination of metal ions. The results are reported in Table 4 with confidence interval for 95% confidence level show the applicability of the proposed method for water and vegetable analysis.
Conclusion
The use of microorganisms as biosorbent materials for metals has become a useful alternative to other preconcentration methods due to their higher recoveries, economical advantages, simplicity, and environmental safety. A newly isolated thermophilic haloalkalitolerant bacterial strain (KG9) was found to be a new effective biosorbent for the enrichment of Cd(II), Cu(II), and Ni(II) prior to FAAS. The biosorbent was used at least 25 times and there is not Table 5 . Comparative data about biosorption of heavy metal ions on microorganisms immobilised on various support materials.
PF -preconcentration factor, LOD -limit of detection, FAAS -flame atomic absorption spectrometry
